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Attorney Ref. No.: 07039-497001 



MARKER FOR NEUROMYELITIS OPTICA 



TECHNICAL FIELD 

This invention relates generally to neurological disorders, and more particularly, 
to an autoantibody marker for neuromyelitis optica and the Asian opticospinal form of 
multiple sclerosis (MS). 

BACKGROUND 

Neuromyelitis optica (NMO) is a neurological disorder also known as Devic's 
syndrome in Western countries and as opticopinal multiple sclerosis in Asia. NMO is 
regarded as a severe variant of multiple sclerosis (MS), and accounts for 30% of MS 
cases occurring in Asians. In North America, non-Caucasians represent a higher 
frequency of patients with NMO than the frequency of those with classical MS. The 
characteristic inflammatory demyelinating lesions of NMO selectively and repeatedly 
affect the optic nerves and the spinal cord, thereby causing both blindness and paralysis. 

SUMMARY 

A specific marker has been identified in serum and cerebrospinal fluid of patients 
with neuromyelitis optica (NMO) and the Asian opticospinal form of MS. The presence 
of an NMO-specific antibody can be used to distinguish NMO from MS, and also can be 
used to diagnose NMO at an early stage of the disease before all clinical criteria are 
fulfilled, thus justifying early initiation of NMO-appropriate immunosuppressive therapy. 

In one aspect, the invention provides methods of detecting the presence or 
absence of a NMO-specific autoantibody in a biological sample from an individual. Such 
a method includes contacting the biological sample with a NMO antigenic polypeptide or 
fragment thereof, where the NMO antigenic polypeptide is aquaporin-4; and detecting the 
presence or absence of binding of the NMO antigenic polypeptide to the NMO-specific 
autoantibody in the biological sample. In one embodiment, the NMO antigenic 
polypeptide is a recombinantly-expressed NMO antigenic polypeptide. In another 
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embodiment, the NMO-specific polypeptide is in a solid tissue selected from the group 
consisting of brain, spinal cord, optic nerve, kidney, or stomach. 

For example, the presence of the NMO-specific autoantibody in the biological 
sample can be associated with vision impairment, weakness, numbness, spasms or 
abnormal or painful sensations, and/or loss of bladder and/or bowel control in the 
individual. In addition, the presence of the NMO-specific autoantibody is generally 
associated with NMO in the individual. Representative biological sample is selected 
from the group consisting of blood, serum, plasma, and cerebrospinal fluid. 

In another aspect, the invention provides methods of detecting the presence or 
absence of a NMO antigenic polypeptide in a biological sample from an individual. Such 
a method includes contacting the biological sample with an anti-NMO antigen antibody, 
where the NMO antigen is aquaporin-4; and detecting binding of the anti-NMO antigen 
antibody to the biological sample, wherein binding is indicative of the presence of the 
NMO antigenic polypeptide in the biological sample. Generally, the presence of the 
NMO antigenic polypeptide in the biological sample is indicative of NMO in the 
individual. Such an individual may be partially or completely blind. Representative 
biological samples include blood, serum, plasma, cerebrospinal fluid, brain biopsy, and 
spinal cord biopsy. 

In another aspect, the invention provides an article of manufacture including a 
NMO antigenic polypeptide and instructions for using the NMO antigenic polypeptide to 
detect an anti-NMO antigen autoantibody in an individual. The NMO antigenic 
polypeptide is aquaporin-4. Such an article of manufacture can be used to diagnose 
NMO in the individual. In an embodiment, the article of manufacture can further include 
a monoclonal antibody having specific binding affinity for a NMO antigenic polypeptide. 

In yet another aspect, the invention provides methods of treating an individual 
having NMO. Such methods include withdrawing a body fluid from the individual, 
wherein the body fluid contains one or more autoantibodies that bind to aquaporin-4; 
removing a substantial portion of the autoantibodies from the body fluid; and returning 
the body fluid to the subject. 

In still another aspect, the invention provides methods of treating an individual 
having NMO by administering a NMO antigenic polypeptide to the individual. The 
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NMO antigenic polypeptide is aquaporin-4. Generally, administration is by a method 
such as oral, intravenous, and parenteral administration. 

In another aspect, the invention provides methods of treating an individual having 
NMO by administering a nucleic acid encoding a NMO antigenic polypeptide to the 
individual. The NMO antigenic polypeptide is aquaporin-4. 

Unless otherwise defined, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, suitable 
methods and materials are described below. In addition, the materials, methods and 
examples are illustrative only and not intended to be limiting. All publications, patent 
applications, patents and other references mentioned herein are incorporated by reference 
in their entirety. In case of conflict, the present specification, including definitions, will 
control. 

The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and 
advantages of the invention will be apparent from the drawings and detailed description, 
and from the claims. 

DESCRIPTION OF DRAWINGS 

Figure 1 is a score sheet used to evaluate the immunohistochemical staining 
pattern and intensity of tissues contacted with serum from an individual. 
Figure 2 is a restriction map of a human aquaporin-4 nucleic acid. 
Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

A specific IgG autoantibody marker has been identified in serum and 
cerebrospinal fluid of patients with neuromyelitis optica (NMO) and Asian opticospinal 
MS (NMO is used synonymously in this application to refer to both NMO and Asian 
opticospinal MS). In addition, this autoantibody can be found in patients with a spectrum 
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of inflammatory disorders involving spinal cord, optic nerve, and more rarely, brainstem 
or other regions of the brain, that were not hitherto recognized as being related to NMO. 

The presence of an NMO-specific antibody can be used to diagnose NMO at an 
early stage of the disease before all clinical criteria are fulfilled, thus justifying early 
initiation of NMO-appropriate immunosuppressant therapy, and further can be used to 
distinguish NMO from MS. Detecting NMO-specific antibody also can provide a 
quantifiable biomarker for monitoring disease progression and response to therapy. The 
pattern of immunostaining also can be used to classify disorders related to NMO, 
including variants of multiple sclerosis, isolated optic neuritides, certain myelopathies 
and "optico-spinal" accompaniments of systemic lupus erythematosus and Sjogren's 
syndrome. In addition, the identification of an antibody associated with NMO provides a 
valuable IgG tool for developing animal models (e.g., by passive transfer of NMO- 
specific antibodies or active immunization with NMO antigenic polypeptides or DNA 
vaccines encoding such antigenic polypeptides) to investigate the pathogenesis of NMO 
lesions and to test potential new therapies for NMO. 

NMO Antigenic Polypeptides and NMO-Specific Antibodies 

The present invention provides for methods of detecting NMO-specific 
autoantibodies in an individual using NMO antigenic polypeptides. Individuals for 
whom the methods of the invention might be used typically present with vision 
impairment and/or tingling, numbness, weakness, limb spasms, loss of bladder and/or 
bowel control, or other neurological symptoms of unknown origin. The method of the 
invention is based on an association between the abnormal neurological symptoms and 
the presence of the NMO-specific autoantibodies in the individual. 

NMO antigenic polypeptides include to one or more epitopic sites. Epitopes of 
NMO antigenic polypeptides that are pertinent to T-cell activation and suppression are 
also provided by the invention. Computer algorithms are available for predicting binding 
epitopes, e.g., MHC-I and MHC-II binding epitopes. See, for example, 
http://bimas.dcrt t nih.gov:8Q/molbio/hlabind/ (Parker et al.,7. Immunol., 152:163 (1994); 
Southwood et al., J. Immunol., 160:3363 (1998)). The term "characteristic" in this 
context means that the epitopic site allows immunologic detection of NMO-specific 
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antibody in sera with reasonable assurance. Usually, it is desirable that the epitopic site 
be antigenically distinct from other closely related antigens (e.g., other members of a 
family of polypeptides). A representative antigenic fragment can include, for example, 
the extracellular domain of a membrane-bound protein. 

The NMO antigenic polypeptides may be obtained from cells {e.g., transfected 
host cells) expressing a nucleic acid, or the polypeptides may be synthetic. A DNA 
molecule encoding a NMO antigenic polypeptide or fragment thereof may itself be 
natural or synthetic, with natural genes obtainable from human tissues by conventional 
techniques. 

The NMO antigenic polypeptides can be obtained in a substantially pure form. 
With respect to polypetides, "purified" refers to a polypeptide that constitutes the major 
component in a mixture of components, e.g., 50% or more, 60% or more, 70% or more, 
80% or more, 90% or more, or 95% or more, by weight. Purified polypeptides are 
typically obtained by purification from an organism that makes the polypeptide, although 
chemical synthesis is also feasible. The polypeptides may be purified by routine protein 
purification methods, including affinity chromatography or immunosorbant affinity 
column. 

NMO antigenic polypeptides of the present invention may be used with or without 
modification for the detection of NMO-specific autoantibodies. Frequently, polypeptides 
are labeled by either covalently or non-covalently combining the polypeptide with a 
second substance that provides for detectable signal. A wide variety of labels and 
conjugation techniques are known in the art and are reported extensively in both the 
scientific and patent literature. Some of the labels include radioisotopes, enzymes, 
substrates, cofactors, inhibitors, fluorescers, chemiluminescers, magnetic particles, and 
the like. 

NMO antigenic polypeptides prepared as described above can be used in various 
immunological techniques for detecting NMO-specific autoantibodies in biological 
samples, such as from serum and cerebrospinal fluid. Depending on the nature of the 
sample, either or both immunoassays and immunocytochemical staining techniques may 
be used. Enzyme-linked immunosorbent assays (ELISA), Western blot, and 
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radioimmunoassays are routine methods in the art and may be used to detect the presence 
of NMO-specific autoantibodies in sera. 

Further provided by the invention are kits containing one or more NMO antigenic 
polypeptides. The kit may further include a second substance that provides for detectable 
signal. A kit typically also includes directions for using the NMO antigenic polypeptide 
and/or for practicing a method of the invention (i.e., detecting NMO-specific 
autoantibodies in a biological sample). 

The present invention also provides for methods of detecting NMO antigenic 
polypeptides in a biological sample from an individual. The method describes an 
association between the presence of abnormal levels or pattern of expression of the NMO 
antigenic polypeptide, the subsequently produced NMO-specific autoantibody, and the 
resulting NMO in the individuals. This test is most widely applicable to those individuals 
who present with neurological symptoms or blindness, and those individuals who are 
suspected of having MS or NMO. Detection of a polypeptide is typically performed 
using an antibody, referred to herein as an anti-NMO antigen antibody to distinguish such 
animal- or recombinantly-generated antibodies from NMO-specific autoantibodies 
produced by an individual's immune system. The invention also provides for an 
antibody, including a monoclonal antibody with specific binding affinity for NMO 
antigenic polypeptides. 

Once a sufficient quantity of NMO antigenic polypeptides has been obtained, 
monoclonal or polyclonal anti-NMO antigen antibodies having specific binding affinity 
for the NMO antigenic polypeptide may be produced by techniques well known to those 
of ordinary skill in this art. As used herein, anti-NMO antigen antibodies having 
"specific binding affinity" for NMO antigenic polypeptides are defined as those 
antibodies that bind NMO antigenic polypeptides but that do not bind other polypeptides, 
for example, other members of a family of polypeptides. As used herein, "anti-NMO 
antigen antibody" refers to whole antibodies of any class, i.e., IgG, IgA, IgM or any other 
known class, and also includes portions or fragments of whole antibodies (e.g., Fab or 
(Fab)2 fragments) having the desired specific binding affinity, an engineered single chain 
Fv molecule, or a chimeric molecule, e.g., an antibody that contains the binding 
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specificity of one antibody {e.g., of murine origin) and the remaining portions of another 
antibody {e.g., of human origin). 

Anti-NMO antigen antibodies of the present invention may be used with or 
without modification for the detection of NMO antigenic polypeptides. Anti-NMO 
antigen antibodies can be labeled either directly or indirectly, and a wide variety of 
labels, including radioisotopes, enzymes, substrates, co factors, inhibitors, fluorescers, 
chemiluminescers and magnetic particles, and conjugation techniques are known and are 
reported extensively in both the scientific and patent literature. 

Anti-NMO antigen antibodies prepared as described above can be used in various 
immunological techniques for detecting NMO antigenic polypeptides in a biological 
sample. A "biological sample," as used herein, is generally a sample from an individual. 
Non-limiting examples of biological samples include blood, serum, plasma, or 
cerebrospinal fluid. Additionally, solid tissues, for example, spinal cord or brain biopsies 
may be used. The use of antibodies in protein binding assays is well established. 
Depending on the nature of the sample, immunoassays {e.g., radioimmunoassays) and/or 
immunohistochemical/immunocytochemical staining techniques may be used. Liquid 
phase immunoassays (e.g., competitive inhibition radioimmunoassays) or solid phase 
immunoassays (e.g., antigen-capture or Western blot analysis) can also be used to detect 
NMO antigenic polypeptides in a biological sample. Additionally, enzyme-linked 
immunosorbent assays (ELISA) are routinely practiced in the art, and may be used for 
detecting the presence of NMO antigenic polypeptides in a biological sample. 

Numerous competitive and non-competitive protein-binding assays have been 
described in the scientific and patent literature, and a large number of such assays are 
commercially available. An example of one such competitive assay for detecting the 
presence of a NMO antigenic polypeptide in a biological sample such as serum, 
comprises: contacting a NMO antigenic polypeptide (either labeled or unlabeled) with an 
anti-NMO antigen antibody (either labeled or unlabeled) and the biological sample. The 
NMO antigenic polypeptide may be, for example, attached to a solid surface. Using 
known amounts of NMO antigenic polypeptide and labeled anti-NMO antigen antibody 
to generate a standard binding curve, the relative amount of NMO antigenic polypeptide 
in a biological sample can be determined. 
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Further provided by the invention is a kit containing anti-NMO antigen antibodies 
having binding affinity for NMO antigenic polypeptides or fragments thereof. The kit 
may also include NMO antigenic polypeptides or fragments thereof to be used as binding 
controls or to generate a standardized quantitative curve. The kit may further include a 
second substance that provides for detectable label. A kit typically includes directions for 
using an anti-NMO antigen antibody and/or practicing a method of the invention (i.e., 
detecting NMO antigenic polypeptides in a biological sample). 

Also provided by this invention is an anti-NMO antigen antibody having specific 
binding affinity for NMO antigenic polypeptides conjugated to a detectable marker. 
Suitable detectable markers include, but are not limited to, enzymes, radioisotopes, dyes 
and biotin. This invention further provides an anti-NMO antigen antibody having 
specific binding affinity for NMO antigenic polypeptides conjugated to an imaging agent. 
Suitable imaging agents include, but are not limited to, radioisotopes, such as 32 P, 99 Tc, 
m Inand ,3, I. 

Methods of Treating NMO 

Further provided by the invention are methods of treating an individual having 
NMO. Treatment of NMO requires modulating the neurological symptoms in the 
individual resulting from NMO-specific immune mechanisms. Methods of treating an 
individual with NMO include, without limitation, apheresis and T cell receptor-based 
immunotherapy. 

Methods and extracorporeal systems for apheresis (i.e., the process of 
withdrawing blood from an individual, removing components from the blood, and 
returning the blood, or blood depleted of one or more components, to the individual) are 
known in the art (see, for example, U.S. Patent Nos. 4,708,713; 5,258,503; 5,386,734; 
and 6,409,696). The invention provides a method of removing NMO-specific 
autoantibodies from a body fluid of an individual. The method involves withdrawing a 
body fluid from a subject; removing a substantial portion of NMO-specific 
autoantibodies from the fluid; and returning the fluid to the subject. Antibodies removed 
can be of any class, e.g., IgG (such as IgGl, IgG2, IgG3, IgG4), IgM, IgD, IgA, or IgE 
antibodies. 
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As used herein, a "substantial portion" means removing at least 20% (e.g., at 
least: 20%; 30%; 40%; 50%; 60%; 65%; 70%; 75%; 80%; 85%; 90%; 93%; 95%; 96%; 
97%; 98%; 99%; 99.5%; 99.8%; or even 100%) of the NMO-specific autoantibodies that 
were present in the body fluid prior to removal. The body fluid can be blood plasma or 
any other body fluid, e.g., lymph or cerebrospinal fluid. According to the methods of the 
invention, depleting NMO-specific autoantibodies from individuals with NMO will result 
in a decrease in symptoms. 

Removal of NMO-specific autoantibodies is generally performed by contacting a 
body fluid with a NMO antigenic polypeptide. The NMO antigenic polypeptide can be 
bound to a solid support. Such solid supports can be, without limitation, membranes, 
fibers, spherical beads, or granules and can be made with a water-insoluble, preferably 
porous, biocompatible material, e.g., organic polymers such as agarose, dextran, and 
polyacrylamide, or inorganic porous materials such as porous glass or porous silica gel. 
Such materials are suitable or can be adapted (e.g., derivatized with appropriate chemical 
groups) for attachment of a NMO antigenic polypeptide. 

When the body fluid is blood, the plasma and/or white blood cells can be 
separated from red blood cells (e.g., erythrocytes) and the red blood cells can be returned 
to the individual with or without white blood cells. Usually, the blood cells are returned 
to the individual with artificial rather than their original blood plasma. The "replacement 
fluid" (e.g., physiological saline) can be administered to the individual after removal of 
the fluid. Alternatively, the NMO-specific autoantibodies can be selectively removed 
from the blood plasma in the course of apheresis and the blood cells can be mixed with 
the NMO-specific autoantibody-depleted plasma and then re-infused as a mixture into the 
individual. 

The system can be a continuous one in which, for example, blood is pumped out 
of a blood vessel (e.g., an artery or a vein) passed over a solid support derivatized with 
NMO antigenic polypeptides and pumped directly back into a blood vessel of the subject. 
As in non-continuous systems, blood cells can be separated from plasma prior to passing 
of the plasma over the solid support. 

Methods of T cell receptor therapy are known in the art. See, for example, U.S. 
Patent No. 5,614,192; Matsumoto et al., 2000, 1 Immunol, 164:2248-54; and Mackay, 
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2000, British Med, 321 :93-6. Monoclonal or polyclonal antibodies having specific 
binding affinity for the antigen(s) expressed by the NMO antigen-receptor or other 
marker on the T cell population responsible for inducing and maintaining the production 
of NMO-specific autoantibodies can be used to deplete or suppress one or more 
pathogenic T cells. CDR3 spectratyping of T cell receptors can be used to identify 
autoimmune disease-associated T cell receptors (Matsumoto et al., supra; and Jambou et 
al., 2003, J. Clin. Invest, 1 12:254-74). In addition, activation of T cells can be inhibited 
in an individual by administering a cytokine or an antibody having specific binding 
affinity for a cytokine. For example, to decrease a Thl-type immune response, a 
cytokine such as interleukin (EL)-4, IL-10, or IL-13, or an antibody specific for a cytokine 
such as IL-12 or interferon (IFN)-y can be administered to an individual. Similarly, to 
inhibit a Th2-type immune response, a cytokine such as IL-12 or IFN-y or an antibody 
specific for IL-4, IL-10, or IL-13 can be administered to an individual. 

In addition, a therapeutic method of the invention includes administering an 
effective amount of a pharmaceutical composition (e.g., a NMO antigenic polypeptide or 
a nucleic acid such as an antisense oligonucleotide or a nucleic acid encoding an NMO 
antigenic polypeptide) to the individual. An effective amount is an amount of NMO 
antigenic polypeptide that deviates the individual's NMO antigenic polypeptide-mediated 
immune response, thereby modulating a neurological disorder in the individual. As used 
herein, "modulating" a neurological disorder can refer to reducing the severity of one or 
more symptoms, eliminating all symptoms, or any level of symptoms therebetween. 

An "antisense oligonucleotide" is an oligonucleotide that can specifically 
hybridize to a target nucleic acid, and the modulation of expression of a target nucleic 
acid by an antisense oligonucleotide is generally referred to as "antisense technology." 
The term "hybridization," as used herein with respect to antisense technology, refers to 
hydrogen bonding, which can be Watson-Crick, Hoogsteen, or reversed Hoogsteen 
hydrogen bonding, between complementary regions of the target nucleic acid and the 
antisense oligonucleotide. "Specifically hybridizable" is used to indicate a sufficient 
degree of complementarity or precise pairing such that stable and specific binding occurs 
between the antisense oligonucleotide and the target nucleic acid. It is understood in the 
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art that the sequence of an antisense oligonucleotide need not be 100% complementary to 
that of its target nucleic acid to be specifically hybridizable. 

The specific hybridization of an antisense oligonucleotide with its target nucleic 
acid can interfere with the normal function of the target nucleic acid. For a target DNA 
nucleic acid, antisense technology can disrupt replication and transcription. For a target 
RNA nucleic acid, antisense technology can disrupt, for example, translocation of the 
RNA to the site of protein translation, splicing of the RNA to yield one or more mRNA 
species, catalytic activity of the RNA, and translation of protein from the RNA. The 
overall effect of such interference with target nucleic acid function is, in the case of a 
nucleic acid encoding a NMO antigenic polypeptide, modulation of disease symptoms 
associated with NMO. In the context of the present invention, antisense technology can 
be used to decrease expression of a gene encoding a NMO antigenic polypeptide (e.g., 
due to inhibition of transcription) and/or decrease the cellular levels of the NMO 
antigenic polypeptide (e.g., due to inhibition of translation). 

Preferred target sites for antisense oligonucleotides have included the regions 
encompassing the translation initiation or termination codon of the open reading frame 
(ORF) of the target gene. In addition, the open reading frame has been targeted 
effectively in antisense technology, as have the 5' and 3' untranslated regions. 
Furthermore, antisense oligonucleotides have been successfully directed at intron regions 
and intron-exon junction regions. Additionally, multiple antisense oligonucleotides can 
be used that each specifically hybridize to a different region of a target gene. 

Antisense oligonucleotides useful in methods of the invention are generally from 
about 10 to about 50 nucleotides in length (e.g., 12 to 40, 14 to 30, or 15 to 25 
nucleotides in length), but can be longer or shorter so long as the antisense 
oligonucleotide is able to modulate the symptoms associated with NMO. As used herein, 
antisense oligonucleotides include oligonucleotides composed of naturally occurring 
nucleobases, sugars, and covalent internucleoside (backbone) linkages, as well as 
oligonucleotides containing modified backbones (e.g., substituted sugar moieties) or non- 
natural internucleoside linkages. Antisense oligonucleotides also include oligonucleotide 
analogs such as peptide nucleic acids (PNAs) or chimeric oligonucleotides. Further, 
antisense oligonucleotides of the invention can be modified by chemical linkage to one or 
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more moieties or conjugates that enhance the activity, cellular distribution or cellular 
uptake of the oligonucleotide. See, for example, U.S. Patent Nos. 5,218,105 and 
5,214,136. 

The ability of an antisense oligonucleotide to inhibit expression and/or production 
of a NMO antigenic polypeptide can be assessed, for example, by measuring levels of 
mRNA or protein in an individual before and after treatment. Methods for measuring 
mRNA and protein levels in tissues or biological samples are well known in the art. 

NMO antigenic polypeptides also can be delivered in vivo by administering a 
vector appropriately expressing a nucleic acid encoding a NMO antigenic polypeptide to 
the individual. Vectors for delivering nucleic acids that encode biologically useful 
proteins (e.g., a NMO antigenic polypeptide) to an individual are known in the art. 
Current virus-based nucleic acid delivery vectors are typically derived from animal 
viruses, such as adenovirus, adeno-associated virus, retroviruses, lentiviruses, vaccinia 
virus, herpes viruses, and bovine papilloma virus. Vectors for nucleic acid delivery 
usually have been genetically modified such that the native tropism and pathogenicity of 
the virus have been altered or removed. The genome of a virus also can be modified to 
increase its infectivity and to accommodate packaging of nucleic acids encoding, for 
example, a biologically useful protein. In addition, non-viral vectors and methods of 
using such vectors for nucleic acid delivery are known to those of skill in the art. 

As used herein, "administering" refers to a method of delivering a composition of 
the invention (e.g., a NMO antigenic polypeptide, an antisense oligonucleotide that 
hybridizes specifically to a portion of the nucleic acid encoding an NMO antigenic 
polypeptide, or a nucleic acid encoding a NMO antigenic polypeptide) to the patient. 
Such methods are well known to those skilled in the art and include, but are not limited 
to, oral, nasal, intravenous, intramuscular, intraperitoneal, subcutaneous, intrathecal, 
intradermal, or topical administration. The route of administration can depend on a 
variety of factors, such as the therapeutic goals. Compositions of the invention may be 
administered on a continuous or an intermittent basis. Methods for formulating and 
subsequently administering therapeutic compositions are well known to those skilled in 
the art. See, for example, Remington, 2000, The Science and Practice of Pharmacy, 20th 
Ed., Gennaro & Gennaro, eds., Lippincott, Williams & Wilkins. The dose administered 
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will depend on many factors, including the mode of administration and the formulation. 
Typically, the amount in a single dose is an amount that effectively reduces the level of 
NMO antigenic polypeptides or NMO-specific autoantibodies in an individual without 
exacerbating the disease symptoms. 

In addition, a NMO antigenic polypeptide within the scope of the invention 
additionally can contain a pharmaceutically acceptable carrier for in vivo administration 
to an individual, including, without limitation, sterile aqueous or non-aqueous solutions, 
suspensions, and emulsions. Examples of non-aqueous solvents include, without 
limitation, propylene glycol, polyethylene glycol, vegetable oils, and injectable organic 
esters. Aqueous carriers include water, alcohol, saline, and buffered solutions. 
Pharmaceutically acceptable carriers can also include physiologically acceptable aqueous 
vehicles (e.g., physiological saline or artificial cerebral-spinal fluid) or other known 
carriers appropriate to specific routes of administration. Additional compounds can be 
included with a NMO antigenic polypeptide, such as steroids, mucolytic agents, 
anti-inflammatory agents, immunosuppressants, dilators, vasoconstrictors, or 
combinations thereof. Preservatives, flavorings, and other additives such as, for example, 
anti-microbials, anti-oxidants, chelating agents, inert gases, and the like may also be 
present. 

Methods to deliver a composition to the brain are known in the art. For example, 
a composition of the invention can be modified by attaching a ligand (e.g., an antibody or 
antibody fragment) that recognizes a brain-specific or neuron-specific receptor. In 
addition, methods of enhancing transport of molecules across the blood-brain barrier are 
known, and take advantage of passive diffusion (e.g., using electromagnetic fields, nitric 
oxide donors or sodium caprate) or receptor-mediated endocytosis (e.g., attachment of the 
virus particle to, for example, an anti-transferrin antibody or to putrescine). Expression 
of a viral vector carrying nucleic acid sequence encoding a NMO antigenic polypeptide 
also can be targeted using brain-specific or neuron-specific promoter and/or 
transcriptional regulatory elements (see, for example, US Patent Nos. 5,976,872 or 
6,066,726). A particularly useful promoter for neuronal-specific expression of a nucleic 
acid encoding a NMO antigenic polypeptide is a prion promoter. 
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Also provided by this invention is a method of imaging NMO antigenic 
polypeptide-expressing cells in a patient. The method comprises administering to the 
patient an effective amount of an anti-NMO antigen antibody having specific binding 
affinity for a NMO antigenic polypeptide labeled with an imaging agent, for example, 
32 P, 99 Tc, ul In or l31 I, to bind to a NMO antigenic polypeptide released from, or 
accessible in, cells, and detecting any complex so formed. As is well known to those of 
ordinary skill in the art, a suitable amount of an anti-NMO antigen antibody is any 
amount that is effective to image cells, for example, about 0.1 mCi to about 50.0 mCi. In 
addition, an effective amount of the an anti-NMO antigen antibody may be an amount 
from about 0.01 mg to about 100 mg. Suitable methods of administering the imaging 
agent are as described above an can be targeted (e.g., to the brain) as described above. 
Methods of imaging are dependent upon the agent used and are well known to those of 
skill in this art. 

Also provided by the invention is a method of enumerating or isolating NMO 
antigenic polypeptide-specific T-lymphocytes in an individual. This method may be 
used, for example, to monitor an individual's immune response or for immunotherapy 
using NMO antigenic polypeptide-specific cytotoxic T-cells. The method comprises 
contacting a biological sample containing lymphocytes with tetrameric soluble class I or 
class II major histocompatibility complex (MHC) bearing identical NMO antigenic 
polypeptide fragments. Linker molecules such as avidin and biotin are used to produce 
the NMO antigenic polypeptide-MHC tetrameric complex, which can subsequently be 
labeled with an indicator molecule such that those T-cells that recognize the NMO 
antigenic polypeptide-MHC tetrameric complex are enumerated or isolated (e.g., using 
FACS analysis). See, for example, Schwartz, 1998, New England! Med, 339:1076-8, 
and references therein. 

Nucleic Acids and Constructs 

Experimental evidence as disclosed herein suggests that the NMO antigenic 
polypeptide is aquaporin-4. The term "aquaporin-4" refers to a member of the aquaporin 
family. The aquaporin family has 10 known members. Aquaporin-4 is expressed in the 
astrocytic foot process membrane contacting capillaries in the central nervous system, 
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and also in the basolateral membrane of renal distal collecting tubules. Examples of a 
nucleotide sequence encoding a human aquaporin-4 polypeptide are shown in GenBank 
Accession Nos. U63622 and U63623. The predicted amino acid sequences of 
representative human aquaporin-4 polypeptides are shown in GenBank Accession Nos. 
AAG17964, AAB26957, AAB26958, and 139178. Nucleic acid and amino acid 
sequences encoding aquaporin-4 from other organisms (e.g., Mus musculus, Bos Taurus, 
Rattus norvegicus, and Ovis aries) can be found by searching the GenBank database 
(www.ncbi.nlm.nih.gov) using "aquaporin-4" as the search word. 

As used herein, nucleic acid refers to RNA or DNA. As used herein with respect 
to nucleic acids, "isolated" refers to (i) a nucleic acid sequence encoding part or all of the 
human aquaporin-4 polypeptide, but free of coding sequences that normally flank one or 
both sides of the nucleic acid sequences encoding aquaporin-4 in the human genome; or 
(ii) a nucleic acid incorporated into a vector or into the genomic DNA of an organism 
such that the resulting molecule is not identical to any naturally-occurring vector or 
genomic DNA. 

In another aspect, the invention includes fragments of the human aquaporin-4 
nucleic acid and polypeptide. As used herein, fragments refer to nucleic acids or 
polypeptides corresponding to less than the entire aquaporin-4 sequence. Nucleic acid 
fragments may include those fragments of about 100 nucleotides in length as well as 
fragments that are several hundred nucleotides in length of GenBank Accession Nos. 
U63622 or U63623; or fragments of GenBank Accession Nos. U63622 or U63623 of 
about 10 to 50 nucleotides in length. Fragments provided by the invention include, for 
example, nucleotides 166-266, 283-306, 404-1104, 575-925, 648-698, 712-747, and 891- 
906 of GenBank Accession Nos. U63622 or U63623. Such fragments may, for example, 
encode an aquaporin-4 antigenic polypeptide fragment, or have utility as hybridization 
probes or amplification primers. 

Figure 2 shows the relative position of various restriction enzyme sites within a 
human aquaporin-4 nucleic acid sequence that, by way of example, define positions, 
which, in various combinations, can be used to generate useful nucleic acid fragments. 
Given the nucleotide sequence of a human aquaporin-4 polypeptide, virtually any nucleic 
acid fragment can be generated by known means {e.g., restriction enzyme digestion, the 
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polymerase chain reaction) and, if so desired, expressed to produce the corresponding 
polypeptide fragment. Alternatively, the human aquaporin-4 polypeptide can be cleaved 
(e.g., proteolytically) to directly generate polypeptide fragments. 

A human aquaporin-4 nucleic acid or nucleic acid fragment may have a sequence 
that deviates from that shown in GenBank Accession Nos. U63622 or U63623. For 
example, a nucleic acid sequence can have at least 80% sequence identity to the nucleotide 
sequence shown in GenBank Accession Nos. U63622 and U63623. In some embodiments, 
the nucleic acid sequence can have at least 85% sequence identity, 90% sequence identity, 
95% sequence identity, or at least 99% sequence identity to GenBank Accession Nos. 
U63622 and U63623. See, for example, GenBank Accession Nos. BC022286, 
NM_004028, and NM_001650 for variant nucleic acid sequences of aquaporin-4. 

Percent sequence identity is calculated by determining the number of matched 
positions in aligned nucleic acid or polypeptide sequences, dividing the number of matched 
positions by the total number of aligned nucleotides or amino acids, respectively, and 
multiplying by 100. A matched position refers to a position in which identical nucleotides 
or amino acids occur at the same position in aligned sequences. The total number of aligned 
nucleotides or amino acids refers to the minimum number of aquaporin-4 nucleotides or 
amino acids that are necessary to align the second sequence, and does not include alignment 
(e.g., forced alignment) with non-aquaporin-4 sequences, such as those fused to aquaporin- 
4. The total number of aligned nucleotides or amino acids may correspond to the entire 
aquaporin-4 sequence or may correspond to fragments of the full-length aquaporin-4 
sequence as defined herein. 

Sequences can be aligned using the using the algorithm described by Altschul et al. 
(1997, Nucleic Acids Res., 25:3389-3402) as incorporated into BLAST (basic local 
alignment search tool) programs, available at http://www.ncbi.nlm.nih.gov . BLAST 
searches or alignments can be performed to determine percent sequence identity between 
an aquaporin-4 nucleic acid molecule and any other sequence or portion thereof using the 
Altschul et al. algorithm. BLASTN is the program used to align and compare the identity 
between nucleic acid sequences, while BLASTP is the program used to align and 
compare the identity between amino acid sequences. When utilizing BLAST programs to 
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calculate the percent identity between an aquaporin-4 sequence and another sequence, the 
default parameters of the respective programs are used. 

A nucleic acid encoding a human aquaporin-4 polypeptide may be obtained from, 
for example, a cDNA library made from a human cell line, or can be obtained by other 
means, including, but not limited to, the polymerase chain reaction (PCR). PCR refers to 
a procedure or technique in which target nucleic acids are amplified. PCR can be used to 
amplify specific sequences from DNA as well as RNA, including sequences from total 
genomic DNA or total cellular RNA. Various PCR methods are described, for example, 
in PCR Primer: A Laboratory Manual, Dieffenbach & Dveksler, Eds., Cold Spring 
Harbor Laboratory Press, 1995. Generally, sequence information from the ends of the 
region of interest or beyond is employed to design oligonucleotide primers that are 
identical or similar in sequence to opposite strands of the template to be amplified. 

Human aquaporin-4 nucleic acids can be detected by, for example, a variety of 
hybridization techniques. Hybridization between nucleic acid molecules is discussed in 
detail in Sambrook et al. (1989, Molecular Cloning: A Laboratory Manual, 2 nd Ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Sections 7.37-7.57, 9.47-9.57, 
11.7-11.8, and 11.45-1 1.57). 

For oligonucleotide probes less than about 100 nucleotides, Sambrook et al. 
discloses suitable Southern blot conditions in Sections 1 1 .45-1 1 .46. The Tm between a 
sequence that is less than 100 nucleotides in length and a second sequence can be 
calculated using the formula provided in Section 1 1 .46. Sambrook et al. additionally 
discloses prehybridization and hybridization conditions for a Southern blot that uses 
oligonucleotide probes greater than about 100 nucleotides (see Sections 9.47-9.52). 
Hybridizations with an oligonucleotide greater than 100 nucleotides generally are 
performed 15-25°C below the Tm. The Tm between a sequence greater than 100 
nucleotides in length and a second sequence can be calculated using the formula provided 
in Sections 9.50-9.51 of Sambrook et al. Additionally, Sambrook et al. recommends the 
conditions indicated in Section 9.54 for washing a Southern blot that has been probed 
with an oligonucleotide greater than about 100 nucleotides. 

The conditions under which membranes containing nucleic acids are 
prehybridized and hybridized, as well as the conditions under which membranes 
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containing nucleic acids are washed to remove excess and non-specifically bound probe 
can play a significant role in the stringency of the hybridization. Such hybridizations can 
be performed, where appropriate, under moderate or high stringency conditions. Such 
conditions are described, for example, in Sambrook et al. section 1 1.45-11.46. For 
example, washing conditions can be made more stringent by decreasing the salt 
concentration in the wash solutions and/or by increasing the temperature at which the 
washes are performed. In addition, interpreting the amount of hybridization can be 
affected, for example, by the specific activity of the labeled oligonucleotide probe, by the 
number of probe-binding sites on the template nucleic acid to which the probe has 
hybridized, and by the amount of exposure of an autoradiograph or other detection 
medium. 

It will be readily appreciated by those of ordinary skill in the art that although any 
number of hybridization and washing conditions can be used to examine hybridization of 
a probe nucleic acid molecule to immobilized target nucleic acids, it is more important to 
examine hybridization of a probe to target nucleic acids under identical hybridization, 
washing, and exposure conditions. Preferably, the target nucleic acids are on the same 
membrane. 

A nucleic acid molecule is deemed to hybridize to a first target nucleic acid but 
not to a second target nucleic acid if hybridization to the first nucleic acid is at least 5- 
fold (e.g., at least 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 50-fold, or 100-fold) 
greater than hybridization to the second nucleic acid. The amount of hybridization can be 
quantitated directly on a membrane or from an autoradiograph using, for example, a 
Phosphorlmager or a Densitometer (Molecular Dynamics, Sunnyvale, CA). 

The present invention further includes vectors containing a human aquaporin-4 
nucleic acid (see, for example, GenBank Accession Nos. U63622 and U63623) or the 
complements thereof, aquaporin-4 nucleic acid fragments or the complements thereof, 
and those nucleic acids having at least 80% sequence identity to an aquaporin-4 nucleic 
acid or fragments generated therefrom (or the complements thereof). 

Cloning vectors suitable for use in the present invention are commercially 
available and used routinely by those of ordinary skill. Vectors of the invention may 
additionally comprise elements necessary for expression operably linked to a human 
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aquaporin-4 nucleic acid sequence. "Elements necessary for expression" include 
promoter sequences, and additionally may include regulatory elements, such as enhancer 
sequences, response elements or inducible elements that modulate expression of the 
human aquaporin-4 nucleic acid sequence. As used herein, "operably linked" refers to 
positioning of a promoter and/or other regulatory element(s) in a construct relative to the 
human aquaporin-4 nucleic acid sequences in such a way as to direct or regulate 
expression of the aquaporin-4 nucleic acid. Such constructs are commercially available 
{e.g., expression vectors) and/or produced by recombinant DNA technology methods 
routine in the art. The choice of expression systems depends upon several factors, 
including, but not limited to, replication efficiency, selectability, inducibility, targeting, 
the level of expression desired, ease of recovery and the ability of the host to perform 
post-translational modifications. 

As used herein, the term "host" or "host cell" is meant to include not only 
prokaryotes, such as E. coli, but also eukaryotes, such as yeast, insect, plant and animal 
cells. Animal cells include, for example, COS cells and HeLa cells. A host cell can be 
transformed or transfected with a DNA molecule {e.g., a vector) using any of the 
techniques commonly known to those of ordinary skill in this art, such as calcium 
phosphate or lithium acetate precipitation, electroporation, lipofection and particle 
bombardment. Host cells containing a vector of the present invention may be used for 
purposes such as propagating the vector, producing human aquaporin-4 nucleic acid {e.g., 
DNA, RNA, antisense RNA), or expressing the human aquaporin-4 polypeptide or 
fragments thereof. 

In another aspect of the invention, methods of producing aquaporin-4 
polypeptides are provided. Methods of producing aquaporin-4 polypeptides include, but 
are not limited to, culturing host cells containing an aquaporin-4 expression vector under 
conditions permissive for expression of aquaporin-4, and recovering the aquaporin-4 
polypeptides. Methods of culturing bacteria and recovering expressed polypeptides are 
well known to those of ordinary skill in this art. 

Additionally, nucleic acids of the present invention may be detected by methods 
such as Southern or Northern blot analysis {i.e., hybridization), PCR, or in situ 
hybridization analysis. Aquaporin-4 proteins are typically detected by 
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immunocytochemistry in transfected cell lines or by sodium dodecyl sulphate (SDS)- 
polyacrylamide gel electrophoresis followed by Coomassie Blue-staining or Western blot 
analysis using antibodies (monoclonal or polyclonal) that have specific binding affinity 
for a human aquaporin-4 polypeptide. 

The invention will be further described in the following examples, which do not 
limit the scope of the invention described in the claims. 

EXAMPLES 

Example 1 — Serum preabsorption 

To minimize non-specific staining, each patient's serum was preabsorbed with 
liver antigens by mixing 40 mg of commercial guinea pig tissue powder (Sigma 
Chemical Co., St. Louis, MO) with 10 /xL of serum diluted in 590 /xL of phosphate- 
buffered saline (PBS) containing 1% bovine serum albumen. After gently mixing for 
1 hour at room temperature, insoluble residue was removed by centrifuging (20,800 xg 
for 10 minutes). Fresh liver powder (40 mg) was then immediately added to the serum 
supernatant, and the process was repeated an additional two times for a total of 
3 consecutive absorptions. 

Example 2 — Substrate preparation 

A frozen composite block of three normal mammalian tissues (e.g., mouse brain 
(both cerebellum and midbrain), stomach and kidney) was cryosectioned (4 fi thickness) 
onto individual wells of an 8-well microscope slide. These slides were purchased as a 
custom product (from MeDiCa, Encinitas, CA) and stored at -70°C in individual sealed 
packets containing desiccant. Before opening for use, each packet was equilibrated at 
room temperature. Chilled detergent (1% CHAPS in PBS) was applied to each section 
and aspirated after 4 minutes. After 3 washes in chilled PBS (each wash was for 
5 minutes on a shaker), chilled 10% phosphate-buffered formalin was applied and 
aspirated after 4 minutes. After 3 more 5-minute washes in chilled PBS, PBS containing 
10% normal goat serum (at room temperature) was applied and aspirated after 
60 minutes. 
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Example 3 — Immunostaining 

Absorbed, diluted patient and control sera (40 fih volumes) were applied 
individually to wells containing the above-described treated tissue sections. After 40 
minutes at room temperature, each well was washed thoroughly with chilled PBS. A 
commercial fluorochrome-conjugated IgG specific for human IgG (e.g., fluoresceinated 
goat anti-human IgG, Southern Biotechnology Assoc., Inc., Birmingham, AL) is then 
applied at the appropriate dilution. After 35 minutes at room temperature, the wells were 
washed thoroughly in chilled PBS and a glass coverslip (#1 thickness) was applied to 
each slide with mounting medium containing an anti-fade reagent. The slides were 
evaluated by fluorescence microscopy (20X objective) for the characteristic NMO pattern 
of tissue-bound IgG. 

In the central nervous system (CNS), the NMO antigen was localized on the 
abluminal face of capillaries in the cerebellar cortex, midbrain and spinal cord; in optic 
nerve, the NMO antigen was associated with pia and astrocytic processes in the region of 
capillaries amongst axon columns. In optimally treated sections of CNS tissues, 
immunofluorescence confocal microscopy suggested that the NMO antigen is a 
component of the blood-brain barrier. Immunoreactivity was inherent in the glia limitans 
of the astrocytic-pial junction, extending into the Virchow-Robin space to the smallest 
capillaries in white matter and gray matter. Dual immunostaining with affinity-purified 
antibodies of defined specificity revealed co-localization of the NMO antigen with 
aquaporin-4, a mercurial-insensitive water channel protein constituent of the blood-brain- 
barrier. The NMO antigen is not detectable in sections of spleen or liver parenchyma but, 
like aquaporin-4, it is prominently associated with basolateral membranes of distal 
collecting tubules in the kidney, and with basal elements of deep gastric mucosal 
epithelium. 

By using a limiting dilution of NMO-IgG in a competitive inhibition 
immunofluorescence assay, enrichment of immunoreactivity was demonstrated in the 
crude membrane fraction prepared from homogenized rat brain by differential 
centrifiigation. This fraction potently quenched the NMO-IgG immunofluorescence 
pattern. Fractions containing tissue debris and nuclei were relatively depleted of 
immunoreactivity, and cytosol did not absorb the reactivity of NMO-IgG. The crude 
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membrane fraction's immunoreactivity resisted extraction in a 2% solution of the non- 
ionic detergent CHAPS. This observation led to the discovery that treatment of tissue 
sections with 1% CHAPS for 4 minutes, before or after fixation for 4 minutes in 10% 
phosphate buffered formalin, preserved tissue morphology and enhanced the accessibility 
of NMO epitopes to IgG in serum of 70% of patients with a clinical diagnosis of NMO. 

Although not bound by any particular theory, the resistance of the NMO antigen 
to detergent extraction is consistent with the proposed tethering of the cytoplasmic C- 
terminus of aquaporin-4 to a PDZ-domain of the scaffolding adapter protein a- 
syntrophin, which is a component of the dystrophin protein complex (Neely et al., PNAS 
98:14108, 2001). 

Example 4 — Interpreting immunohistochemical staining results 

Table 1 shows the characteristic features that were evaluated in each of the 
indicated tissues: 

Table 1 



cerebellum 


pia, white matter matrix and capillaries, granular 
layer capillaries, and molecular layer capillaries 


midbrain 


pia, subpia, white matter and capillaries 


kidney 


distal collecting tubules (binds NMO-IgG most 
avidly) 


stomach 


basal epithelium of deep mucosa (binds NMO-IgG 
least avidly) 



The staining intensity of each characteristic is graded on a formal score sheet 
(Figure 1), using the following scoring system: 
negative: - or ±1- 
faint positive, may be equivocal: ± 
definite positive, strong : ±/+, + or 2+ 
A positive result requires a minimum of a '±' score to be assigned to the kidney's 
distal collecting tubules and to cerebellar or midbrain pia or capillaries. 

The presence and intensity of any nuclear, cytoplasmic, membranous or 
extracellular matrix staining that may potentially interfere with NMO-IgG interpretation 
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is noted. In particular, staining in any of the tissues indicated in Table 2 is noted for each 
tissue section examined. 

Table 2 



cerebellum/midbrain 


neurons, myelin, arteriolar smooth muscle 


stomach 


mucosal epithelium, enteric neurons, and smooth muscle 


kidney 


cortical tubules, glomeruli, arterioles, sympathetic nerves, 
other 



Example 5 — Clinical application 

Serum was analyzed from patients classified as "definite" NMO, the Asian 
opticospinal form of MS, or classical MS by clinical, imaging and spinal fluid criteria, 
and from control patients, for autoantibodies that might bind selectively to CNS tissues. 
The experiments described herein demonstrate the value of seropositivity for 
discriminating NMO from the classic form of multiple sclerosis (MS). Sera (coded at 
testing) were from patients with definite NMO using diagnostic criteria of varying grades 
of stringency (n=45), patients with classic MS (n=19), patients deemed to be at high risk 
for MNO (bilateral optic neuritis or single or recurrent attacks of longitudinally extensive 
myelitis; each associated with negative brain MRI, i.e., not fulfilling stringent criteria for 
"definite" NMO classification) (n=35), and patients ultimately diagnosed with MS but 
initially presenting with optic neuritis or myelitis (n=22). Indirect immunofluorescence 
was performed with a standard composite substrate of mouse brain, gut and kidney; sera 
were preabsorbed with liver extract as described above in Example 1 . 

IgG in 33 of 45 patients (73%) with NMO yielded a distinctive staining pattern 
("NMO-IgG") associated with capillaries throughout the cerebellar cortex and midbrain, 
and with pia and a subpial "mesh" (prominent in midbrain). The capillary pattern was 
not seen in gut mucosa, kidney, or liver, and NMO-IgG was not noted in any control 
disease group. Sera from 16 out of 35 patients (46%) that were at high risk for NMO 
yielded the staining pattern distinctive for NMO-IgG. None of the 19 patients diagnosed 
with classic MS had detectable staining patterns of NMO-IgG, while sera from 2 out of 
the 22 patients (9%) that presented with optic neuritis/myelitis possessed the NMO-IgG. 
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Additionally, a NMO-IgG was identified incidentally in 14 patients amongst 85 
thousand whose sera were submitted to Mayo Clinic's Neuroimmunology Laboratory for 
blinded paraneoplastic autoantibody testing on a service basis. Their subsequently- 
obtained histories revealed that 3 fulfilled clinical criteria for the diagnosis of NMO, 9 
were classified as high risk for NMO (7 had longitudinally extensive myelitis and 2 had 
recurrent optic neuritis), 1 had new onset myelopathy, and 1 had unclassified steroid- 
responsive CNS inflammatory disorder. 

These results indicated that the NMO-IgG autoantibody is the first specific 
biological marker of NMO and is able to distinguish NMO from MS. 

Example 6 — Western blot 

A GST fusion protein containing recombinant rat aquaporin-4 (C terminal 
residues 249-323; Alamone Labs, Jerusalem, Israel) was electrophoresed in a 10% 
polyacrylamide gel in standard Laemmli SDS buffer containing p-mercaptoethanol, and a 
Western blot was performed using NMO patients' and immune rabbit's serum as a 
positive control to determine whether or not the patients' IgG would bind to the 38 kDa 
GST-aquaporin-4 fusion protein. The blot was contacted with human sera (1 :50 dilution), 
which included 4 NMO patients, 3 normal persons, 1 control myelopathy, 2 patients with 
classic MS, and 3 patients with miscellaneous neuropsychiatric disorders. Serum from 
the four NMO patients and from the immune rabbit, but none of the serum from the 
control patients or from patients exhibiting the other disorders, bound the 38 kDa 
aquaporin-4 fusion protein. 



OTHER EMBODIMENTS 

It is to be understood that while the invention has been described in conjunction 
with the detailed description thereof, the foregoing description is intended to illustrate 
and not limit the scope of the invention, which is defined by the scope of the appended 
claims. Other aspects, advantages, and modifications are within the scope of the 
following claims. 
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